SUMMARY: Stereotyped behavior was inclined in rats with ouabain administered intraventricular!)' in doses of
INTRODUCTION
During studies of seizures induced by intraventricular ouabain in rats (Donaldson et al., 1971) , it was noted that low doses of ouabain produced stereotyped behavior, similar to syndromes induced by apomorphine and amphetamine which have been associated with dopaminergic activity in striatum and the mesolimbic system. As it is of interest that experimentally induced inhibition of Na-K-ATP'ase by ouabain should result in stereotypy, this behavior was studied in groups of rats receiving 2, 3 and A fig doses of ouabain administered intraventricularly, and in other groups pretreated with haloperidol, a butyrophenone which blocks dopamine (DA) receptors (Anden, 1970) and is known to inhibit stereotyped behaviour induced by amphetamine and apomorphine.
Ouabain inhibits Na-K-ATP'ase (Skou, 1965) . After intraventricular administration, it is widely distributed in the brain where it is mainly bound to subcellular fractions rich in ATP'ase (Donaldson et al., 1972) . The metabolic effects are complex. The transport of monoamines and aminoacids across membranes in vitro is inhibited (Tissari and Bogdanski, 1971; Pincus and Lee, 1973; De Belleroche and Bradford, 1972 ) and catecholamine metabolism is altered (Anagnoste and Goldstein, 1967; Goldstein etal., 1970; Ladisich, 1972) . Because of this background of possible effects on neurotransmitter systems in vivo, the role of monoamines in the stereotyped behavior was studied. The effect of ouabain on monoamine turnover was estimated by measuring the concentration of dopamine (DA), norepinephrine (NE), and 5-hydroxytryptamine (5HT) in the striatum, hypothalamus, hippocampus, midbrain, and medulla oblongata in groups pretreated with a-methyl-ptyrosine, which inhibits tyrosine hydroxylase (Spector et al., 1965) .
METHODS

Behavioral Studies
Female Sprague-Dawley rats (180-200g) kept under constant conditions of light, temperature, humidity, and Purina chow feedings were anaesthetised with sodium pentobarbitone (60mg/kg, i.p.). Chronic, indwelling 25G cannula were inserted, as previously described (Donaldson et al., 1971) , in the left lateral ventricle. Ouabain octahydrate (Sigma Co.) was freshly dissolved in artificial CSF, adjusted to pH 7.4 by bubbling through the solution a mixture of 95% 0 2 -5% C0 2 , and administered in doses of 2, 3, or 4/ig in 50/xl volume to groups of 6 rats for each dose 48 hr after cannulation. The duration of injection was 2 min and observations were started at the end of the injections. Controls received CSF only. Additional groups were pretreated with haloperidol I mg/kg and 2.5mg/kg i.p. 2 hr before intraventricular ouabain (3yug)-The animals were observed in circular wire-mesh cages 35cm in diameter; pretreatment regimes were known to observers. The stereotyped behavior was rated at 5 min intervals for 50 min, according to a scale modified from Ernst (1967) : 0 = no gnawing; 1 = exaggerated sniffing, occasional licking; 2 = repetitive licking, occasional biting; 3 = frequent biting; 4 = continuous gnawing. A non-parametric statistical evaluation was used. The percentage of rats reaching each point of the severity scale in sequential 5 min samples was calculated for each treatment group. The overall severity for each grade (1, 2, 3, 4) was calculated and the significance of differences THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES between groups derived using the t-test for paired samples (Table 1) .
Catecholamine turnover study
Four groups of rats with ventricular cannulae received treatment as follows: (1) control; intraventricular injection of CSF only, 50/ul (2) intraventricular ouabain 3/ug in 50/ul CSF (3) pretreatment with 250mg/kg DLmethyl-p-tyrosine methyl ester HC1 (4) 250mg/kg, i.p. 3.75 hr before intraventricular ouabain 3/ug. Rats were sacrificed 10 min after intraventricular injection, the brains removed, and regional brain dissections performed (Glowinski and Iversen, 1966) . Brain regions were stored in liquid nitrogen before biochemical analysis. Concentrations of DA, NE and 5HT were measured spectrofluorimetrically by the method of Butterworth et al. (1975a) .
RESULTS
Behavioral studies
Intraventricular ouabain produced stereotyped behavior within 5 min. The peak severity was 20 min and 30 min for 4 and 3/ug doses, but a clear peak was not obtained for the less marked stereotypy at 2/ug ouabain. The durations were 50, 40 and 30 min for 4, 3 and 2jug doses. There were significantly higher percentages (p<0.001) for scores 2 and 3 with 3/ug than with 2jug ouabain doses, and significantly higher percentages for grades 1, 2 and 3 with 4jug doses. When gnawing occurred there was no excitation or increased locomotor activity.
Haloperidol 2.5mg/kg significantly reduced the severity of stereotypy (p<0.05), shortened the duration from 40 to 30 min, but did not delay the onset. Marked changes in posture occurred, with the animals lying prone with legs splayed behind while repetitively gnawing. Haloperidol 1 mg/kg did not alter the stereotypy significantly.
Catecholamine turnover study
The regional concentrations of DA, 5HT and NE in four groups of rats are shown in Table 2 . Intraventricular ouabain produced significant reduction of NE concentration in the midbrain and hippocampus but not in the striatum. Pretreatment with a-methylp-tyrosine resulted in marked reduction of DA and NE in all brain regions as expected. When ouabain was administered to rats pretreated with a-methyl-p-tyrosine, there was significantly less depletion of DA in the striatum and significantly more depletion of NE in the medulla oblongata than in control rats treated with a-methyl-p-tyrosine but having intraventricular CSF only. DISCUSSION Intraventricular ouabain, in subconvulsant dosages of 2, 3 and 4/ug produces stereotyped behavior which is similar to that induced by apomorphine (Butterworth et al., 1975b) but lacking locomotor stimulation. This suggests that the mechanisms for sniffing, licking, and gnawing differ from those subserving locomotor stimulation. The reduction but not abolition of stereotypy by haloperidol, a DA-receptor blocker (Anden, 1970) , at a dose which abolishes apomorphine induced stereotypy suggests that other mechanisms besides DA contribute to ouabain-induced stereotypyed behavior.
The complex biochemical effects of ouabain have been investigated in a variety of cellular systems in recent years (Skou, 1965) . In addition to an increasing intracellular sodium and decreasing potassium, the concentration of intracellular calcium is increased (Stahl and Swanson, 1971) which is important because calcium has complex effects on the membrane potential during both resting and active phases (Koketsu, 1969) and on the mediation of the effects of biogenic amines (Phillis, 1974) . Ouabain alters the transport of monoamines and aminoacids in vitro; it increases the release of NE from brain slices (Pincus and Lee, 1973) , inhibits the uptake of tyrosine into brain slices (Goldstein et al., 1970) and the release of glutamate, GABA, and aspartate from synaptosomes (De Belleroche and Bradford, 1972) . Furthermore, as ouabain is bound to membranes rich in cholinesterases (Rodriguez de Lores Arnais et al., 1967) and impairs choline uptake into synaptosomes (Marchbanks, 1968) , it may alter the transport of acetylcholine across membranes.
In these experiments the catecholamine turnover was estimated at 10 min. when stereotyped behavior was well established. Although a-methylp-tyrosine uptake into the brain might be inhibited by ouabain, it was administered % hours before ouabain, by which time its major metabolic effects would be established. Ouabain had no significant effect on the concentrations of dopamine in any brain The behavioral effects of ouabain administered intraventricularly in doses of 2, 3 and 4/ug, and the effect of pretreatment with haloperidol on the response to ouabain 3^g. The mean of the percentages of rats achieving behavioral scores of 1, 2, 3 and 4 provide an overall measure of behaviour, but with a large SD because it includes the peak and the end of the observation period. The significance of differences in behavior at different doses are estimated for each score in sequential 5 minute samples (t-test for paired samples). a: significantly greater stereotypy than with 2^g (p<0.001) b: significantly less stereotypy than with 3pg only (p<0.05) LE JOURNAL CANADIEN DES SCIENCES NEUROLOG1QUES region. NE concentration was diminished, however, in the mid-brain and hippocampus but not in the striatum, hypothalamus, or medulla. Ouabain could decrease NE concentration by effects on the synthesis, storage, intracellular metabolism, release or re-uptake of monoamines. Anagnoste and Goldstein (1967) have described inhibition of the conversion of l4 C-DA to ">C-NE in the brainstem, hypothalamus, and cerebellum after intraventricular administration of ouabain.
A decrease in brain-stem NE after subdural ouabain (Ladisich, 1973) was accompanied by relative increase in deaminated metabolites, 3 H-dihydroxymandelic acid, and 3 H-dihydroxyphenylglycol, interpreted as an alteration in intracellular storage mechanism. Intraventricular ouabain in dogs and cats produces hypertension, tachycardia, and arrhythmias attributed to release of norepinephrine (Saxena and Bhargava, 1974) . From our studies, the absence of a significant difference between control and ouabain-treated rats in the a-methylp-tyrosine-treated group suggests that the reduction in concentration of NE in the midbrain or hippocampus is not due to enhanced release or diminished re-uptake. However, in the medulla the significant increase in NE-release after a-methyl-p-tyrosine pretreatment suggests that ouabain may enhance amine release or block its reuptake at this site.
Ouabain inhibited DA-turnover in the striatum, suggests impaired release or enhanced re-uptake. The occurrence of reduced DA turnover concomitantly with stereotyped gnawing is surprising, but there are three possible explanations. Mesolimbic rather than striatal projections of dopaminergic pathways may be important in stereotyped movement (Costall and Naylor, 1973) , with projections to tuberculum olfactorium (McKenzie, 1972) , nucleus accumbens (Pijnenburg and Van Rossum, 1973) , and the nucleus amygdaloideus centralis (Costall and Naylor, 1974) . Secondly, the widely distributed ouabain may enhance 5-HT mechanisms which are inhibitory to stereotyped behavior (Grabowska et al., 1973; Weineretal., 1973) orinhibit cholinergic mechanisms (Arnfred and Randrup, 1968; Klawans et al., 1972) . A third explanation is that ouabain may primarily increase the sensitivity of dopaminergic receptors so that the reduction of DA turnover may be a result of feedback inhibition of the presynaptic nerve ending.
Stereotyped gnawing behavior, therefore, occurs in association with complex monoamine changes characterised by reduction in concentrations of hippocampal and midbrain NE, increase in turnover of NE with medulla oblongata, and reduction in turnover of DA in the striatum.
An experimental model in which impaired membrane transport, altered monoamine turnover, and stereotypy occur may be relevant to clinical studies. Clinical equivalents of stereotypy have been proposed for the affective disorders (M.R.C. Metabolic Unit, 1972) in which there is altered Na + and K + distribution, (Coppen and Shaw, 1963) and transport (Glen etal., 1968) . Amphetamine-induced stereo- typed behavior has been proposed as a model for schizophrenia (Snyder, 1973) . Membrane transport in schizophrenia has been studied only in erythrocytes with conflicting results (Seeman and O'Brien, 1963; Parker and Hoffman, 1964) . Phenothiazine inhibits Na + -K + -ATP'ase (Jarnfelt, 1962) , and it is possible that a permanent membrane change occurs in patients developing tardive dyskinesias in which DA mechanisms may be abnormal. There is impaired uptake of dopamine into platelets in Parkinson's disease , suggesting generalized membrane changes in this disorder. Therefore, the ouabain model, in which experimentally induced inhibition of Na + -K + -ATP'ase results in stereotyped gnawing behavior associated with complex monoamine changes, justifies further study of membrane transport mechanisms in these neurological and psychiatric disorders, in which distrubance of neurotransmitter function may occur.
